Abstract. The present study reports the clinical diagnosis and management of a patient with primary diffuse large B-cell lymphoma (Bcl) of the central nervous system (CNS). Making an early diagnosis of primary diffuse large Bcl is challenging due to the variable and complicated clinical manifestations of the disease. The relevant literature was reviewed, and high-dose methotrexate, whole brain radiotherapy and highly active antiretroviral therapy was recommended for the patient. The present study elucidates the role of positron emission tomography-computed tomography scans for the diagnosis and management of primary diffuse large Bcl of the CNS, and demonstrates the importance of resection surgery in the management of the disease. Specifically, the present study proposes that resection surgery may be applied in the early stages of disease for patients with a single occupied lesion and increased intracranial pressure.
Introduction
Primary diffuse large B-cell lymphoma (Bcl) of the central nervous system (CNS) is a rare tumor of the brain and spinal cord, which has been estimated to account for ≤1% of all lymphomas, 4-6% of all extranodal lymphomas and ~1-3% of primary CNS tumors (1) (2) (3) . Immunocompromised individuals are considered most at risk of the disease, however, the incidence of primary diffuse large Bcl of the CNS (PCNSL) is increasing in immunocompetent populations (4) .
Due to the absence of a typical clinical presentation, multiple neuroimaging appearances, heterogeneity of the pathological morphology and no specific laboratory examination, the immunohistochemistry and molecular biology are of vital importance in accurate diagnosis of PCNSL (5) . At present, the methods of treatment include surgery, chemotherapy and radiotherapy (5) . Although the introduction of systemic chemotherapy and radiotherapy has consistently improved survival, the prognosis of PCNSL remains poor (5) , with a median survival time of 17-45 months following symptomatic treatment (6) . The current study reports the case of a patient with PCNSL and reviews the literature regarding the presentation, diagnosis, treatment and prognosis of the disease. The present study was approved by the Ethics Committee of The First Hospital Of Jilin University (Changchun, China) and written informed consent was obtained from the patient.
Case report
A 58-year-old male presented to The First Hospital Of Jilin University (Changchun, China) with slurred speech and facial paralysis. A physical examination revealed that the left nasolabial fold was shallow. The patient denied a family history of genetic or immunodeficiency disorders. The cerebrospinal fluid (CSF) appeared to be normal and free from tumor cells. The ultrasound examination results and the peripheral blood tests, including for the human immunodeficiency virus and Epstein-Barr virus, were either normal or negative. The brain magnetic resonance imaging (MRI) scan revealed an occupied lesion of 1.8 cm at the right basal ganglia region and corona radiata (Fig. 1A) . The patient refused a stereotactic biopsy; however, the patient's symptoms improved with symptomatic treatment. In particular, the patient's speech regained fluency, seven days subsequent to the administration of mannitol (50 g, three times daily) and dexamethasone (10 mg, twice daily) for three days.
Two weeks subsequent to the identification of the lesion, the patient received local γ knife treatment at the Central Hospital of Changchun (Changchun, China) on September 23, 2012, and was re-admitted to the hospital on October 3, 2012, with a headache and numbness on the left side of the body that had lasted for 5 days. Another brain MRI scan revealed high and low signal in the right basal ganglia and radial area. The size of the lesion was 1.3x1.2x1.6 cm. Compared with the previous MRI, the size of the lesion was significantly decreased (Fig. 1B) . In addition, a single-voxel magnetic resonance spectroscopy (MRS) scan that used a point resolved spectroscopy protocol with a short (35 msec) echo time revealed a notable elevation of the choline peak, a stable creatine peak and a decreasing N-acetylaspartate (NAA) peak.
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The MRS scan also revealed a lactate peak and elevation of the glutamate and glutamine peaks. These data indicated that the patient possessed a malignant tumor (Fig. 1C) Another brain MRI scan revealed that the size of the lesion was significantly decreased (Fig. 1D) ; however, the positron emission tomography-computed tomography (PET/CT) scan reported highly metabolic nodules in the right basal ganglia and left temporal lobe ( Fig. 2A) . Four months later, a follow-up MRI indicated that the left temporal lobe lesion was resolved (Fig. 2B ). Six months subsequent to the temozolomide treatment, the tumor appeared to be in full remission. In July 2013, the patient was re-admitted to the hospital with weakness, slurred speech and memory loss that had lasted for 3 days. A neurological examination revealed receptive aphasia, weakness of the right side and shallowness of the right nasolabial fold. A brain MRI scan revealed a hyperdense lesion with a diameter of 5.5 cm in the left frontal lobe. Signs of edema and a rightward shift of the midline structure were also present (Fig. 2C) . Additionally, there was an abnormal enhancement in the bilateral frontal lobe and right basal ganglia. A left frontal lobe tumor resection was performed. Intraoperatively, the tumor was gray red, soft and 4.8 cm in diameter. The tumor did not possess an envelope but had a rich blood supply. Postoperatively, the patient demonstrated notable improvements in speech and function, and exhibited no signs of complication.
A pathological examination of the resected tumor confirmed the diagnosis of PCNSL. The immunohistochemical analysis revealed that the tumor did not express the glial gibrillary acidic protein, cluster of differentiation (CD)3, CD43, cyclin D1, CD10, CD20, CD21, CD30, cancer antigen of Ki-67, anaplastic lymphoma kinase or myeloperoxidase proteins (Fig. 2D) . The tumor did express the paired box protein-5, Bcl-2, Bcl-6, B-cell related and forkhead box protein. In situ hybridization of the tumor identified Epstein-Barr virus-encoded RNA (Fig. 2D) . The post-surgical MRI revealed the postoperative changes to the left frontal lobes without residual tumor (Fig. 3A) . Another PET/CT scan revealed high metabolic nodules in the right frontal lobe next to the falx cerebri that demonstrated a maximum standardized uptake value (SUV) of 25 ( Fig. 3B ). In addition, the lactate dehydrogenase and macroglobulin levels and the sedimentation rate were all normal. The patient subsequently received six three-week cycles of high-dose methotrexate (3.5 g/m 2 daily; days 1, 8 and 14) treatment, followed by whole-brain radiation therapy [40 Gy/25 fractions (f); once a week] for six weeks, and an additional dose of 9 Gy/5 f two weeks later. The patient has demonstrated no signs of relapse and has remained stable during the 20-month follow-up.
Discussion
PCNSL is a B-cell non-Hodgkin's lymphoma that originates from, and localizes to, the cerebellum, spinal cord, pia mater, retina or optic nerve (1,2). According to the updated WHO classification of tumors of haematopoietic and lymphoid tissues, the disease is recognized as a discrete entity (3). PCNSL has been characteristically associated with immunodeficient patients. However, the exact mechanism has not yet been identified (7) . In immunocompetent populations, the median age of PCNSL occurrence is 53-57 years old, with a male:female ratio of 1.2:1. In immunocompromised populations, the median age of occurrence is 31-35 years old, with a male:female ratio of 7.38:1. However, the incidence of PCNSL in immunocompetent populations is increasing (8,9).
PCNSL is characterized by a supratentorial localization. The clinical manifestations of PCNSL are similar to those of other intracranial tumors, including the high intracranial pressure and focal neurological deficit. The patient in the present study showed no evidence of immunodeficiency. The patient originally presented with dysarthria and received γ knife and temozolomide treatment. The patient experienced 2 events of ectopic intracranial spreading.
The typical imaging characteristics of lymphoma may be used to differentiate between diagnoses. However, determining a diagnosis may be challenging; in particular, when attempting to rule out CNS metastasis, glioblastoma, inflammation, multiple sclerosis or other CNS demyelination. The most common imaging characteristics of PCNSL are hypointense T1 and hyperintense T2 signals, homogeneous or heterogeneous diffusion weighted imaging (DWI) and high circular signals. In addition, the gadopentetic acid enhancement may show a mass reinforcement, and the proton magnetic resonance spectroscopy may exhibit an elevation of choline and lactate peak. The fluorodeoxyglucose PET/CT scan may show single or multiple high metabolic signals that exhibit SUV elevation (10) (11) (12) (13) (14) (15) (16) (17) (18) . In the present study, the MRI results differed from a typical PCNSL case: The lesion size was smaller and exhibited prominent surrounding edema, lateral ventricle compression and an evident occupied effect. Future diagnoses may be improved through the combined use of MRI scans with enhancement, DWI, 1-h MRS and PET/CT scans. However, pathological analysis remains to be the gold standard for the diagnosis of PCNSL. Although the use of surgery for PCNSL patients has been debated (19, 20) , the present study supports that surgical resections are critical for the management of PCNSL, particularly when used in combination with chemotherapy and radiotherapy regimens. Postoperatively, the symptoms of the patient in the present study have significantly improved without complication. The pathological analysis confirmed the diagnosis of PCNSL, and provided useful information for the additional management of the disease. Therefore, resection surgery is recommended to be the first treatment for patients with a single occupied lesion and increased intracranial pressure. However, MRI stereotactic biopsies may be used for patients with multiple sporadic lesions that are located deeply in the brain or any important functional area. Ideally, steroid therapy may not be commenced for 1-2 weeks following a biopsy (21) . Lesions in multiple locations may be biopsied to avoid misdiagnosis.
Radiation and chemotherapy may markedly improve the survival rates of PCNSL patients, particularly when chemotherapy agents are administered prior to radiation therapy. Recently, high-dose methotrexate (HD-MTX) has been widely used for the treatment of PCNSL, of which intrathecal MTX delivers a systemic high dose of MTX (8 g/m 2 ) (22) . Osmotic pressure drugs may also be applied to the open blood-brain barrier to facilitate drug delivery to the lesions (23) .
A previous study demonstrated that five cycles of HD-MTX (3.5 g/m 2 ) and procarbazine (100 mg/m 2 /day) is beneficial for patients with a 90% objective response rate and median survival of 60 months (20) . Other combination treatments included high-dose MTX chemotherapy, temozolomide and rituximab (24, 25) .
Temozolomide is a chemotherapy agent with a high oral bioavailability that may cross the blood-brain barrier and may be effective in patients with glioma, leukemia, melanoma and lymphoma. The National Comprehensive Cancer Network has recommended that temozolomide may be used for refractory PCNSL (26, 27) . In regards to radiation therapy, whole brain irradiation of 40-50 Gy followed by localized irradiation of 60 Gy on regions of edema is recommended as the best regimen (22) .
The patient initially developed a tumor in the left temporal lobe, which demonstrated ectopic dissemination following three courses of temozolomide treatment. The lesion was undetectable 6 months subsequent to the temozolomide therapy. This result indicates that temozolomide combined with radiotherapy may be highly effective for PCNSL patients. In addition, the patient received 6 cycles of high dose chemotherapy (3.5 g/m 2 MTX), whole brain radiation therapy (40 Gy/25 f) and additional radiotherapy of 9 Gy/5 f, subsequent to pathological confirmation.
Previous studies have indicated that PCNSL patients only survive for 3-6 months without treatment (12, 28) . Although comprehensive therapy improves progression-free and overall survival (OS) rates compared with untreated patients, the 5-year survival rate of patients that receive treatment remains 20-25% (29) . In addition, 35-60% of patients experience ectopic recurrence within two years of diagnosis. Patients that experience the recurrence of PCNSL demonstrate an OS of 8-18 months. At present, there is no standard treatment for recurrent PCNSL (30) . Subsequent to 20 months of follow-up, the patient in the present study had a normal life and experienced no additional recurrence.
Overall, clinicians are recommended to consider the following issues. The clinical and imaging findings of PCNSL are complicated and varied, particularly in the early phase of remission stages, due to unremarkable symptoms, non-typical imaging findings and the misdiagnosis as inflammation. Usually, the specificity and sensitivity of the detection rate of tumors in the CSF by cytological findings is low. Single-photon emission computed tomography and molecular biology technology have not been widely applied. A stereotactic biopsy may be a better method for the diagnosis of PCNSL. Steroid treatment may improve the clinical symptoms, but recurrence is common. For patients that are misdiagnosed with multiple sclerosis or sarcoma, glucocorticoid treatment may dissolve lymphoid cells and damage normal morphology. Therefore, an accurate diagnosis of PCNSL is critical to avoid complications from inappropriate treatment.
